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LEUKEMIA INHIBITORY FACTOR (LTF) INHIBITS 
GLYCOSAMINCLYCAN RELEASE FROM HUMAN 
ARTICULAR CARTILAGE 
Hansen RMS, Elson C J, Westacott, CI. 
University of Bdsto/ Medical School, Bristol, UK 
Introduction: Leukemia inhibitory factor (LIF) is detectable in 
synovial fluids from patients with rheumatoid arthritis and 
osteoarthritis (OA) (1) as well as in supenatants from cultured 
human synovium (2). In addition, LIF can stimulate glycosamino- 
glycan (GAG) release from porcine cartilage (3) and inhibit pro- 
teoglycan synthesis. The aims of this study were therefore to 
determine whether LIF can similarly alter human articular cartilage 
metabolism and thereby contribute to joint destruction. 
Methods: Cartilage was obtained from OA and non-arthritic (NA) 
patients undergoing joint replacement surgery. Cartilage biopsies 
were incubated for 14 days without (control) or with (test) specif- 
ic concentrations of LIF (lpg/ml-100ng/ml), IIc-1~ (20pg/ml) or 
TNFcc (5ng/ml), alone or in combination. GAG release from biop- 
sies into culture supernatants was measured by DMMB assay. 
Comparison was made between cumulative GAG release from 
biopsies cultured in the presence of cytokine with that from cor- 
responding control biopsies cultured in medium alone. The sig- 
nificance of the difference in GAG release from test and control 
biopsies was assessed by Student's paired t-test. 
Results: Cumulative GAG release from OA and NA cartilage 
biopsies cultured with LIF, at all concentrations tested, was lower 
than that from control biopsies. LIF (100pg/ml) significantly 
decreased GAG release from NA cartilage in one of two experi- 
ments. For OA cartilage, LIF (10ng/ml) significantly decreased 
GAG release from cartilage in 6/7 experiments (86%). IL-I~ 
(20pg/ml) and TNFa (5ng/ml) alone increased GAG release from 
OA cartilage. However, when each cytokine was combined with 
LIF (10ng/ml), GAG release from OA cartilage was significantly 
reduced. 
Discussion These results show LIF, at concentrations detected 
within OA knee joints, can inhibit GAG release from human artic- 
ular cartilage. Moreover, LIF also abrogated the effects of IL-1 
and TNFc~ on OA cartilage. These data suggest LIF may have a 
protective role in some human articular joints. 
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BIGLYCAN AND FIBROMODULIN DOUBLE KNOCKOUT 
MICE EXHIBIT COLLAGEN FIBRIL ABNORMALITIES AND 
GAIT IMPAIRMENT AND DEVELOP ECTOPIC SESAMOID 
BONES AND PREMATURE OSTEOARTHRITIS IN THEIR 
JOINTS 
L Ameye A Oldberg, MF Young 
CSDB, NIDCR, NIH, Bethesda, MD, USA. 
Biglycan (BGN) and fibromodulin (FM) are two extracellular small 
leucinerich proteoglycans that are co-expressed in tendon, carti- 
lage and bone. BGN-FM double-knockout mice (DKO) were gen- 
erated in order to investigate possible interactions between the 
two proteoglycans in vivo. DKO were fertile and viable, but lean- 
er than the wild-type (WT) and single knockouts. Compared with 
WT and single knockouts, 1-month old DKO exhibited a 
decreased flexibility of their knees and ankles impairing their gait. 
Radiographs of these joints revealed ectopic radiodense areas 
developing between the age of 1 and 3 months in the three 
knockout mice (a pathology never reported before in the single 
knockouts). The radiodense areas were shown by histology to be 
bones that developed through ossification of fibrocartilage that 
formed abnormally within the tendons. With age, tendon ossifica- 
tions became more widespread throughout he body. Statistical 
analyses performed on semi-quantitative scores based on radi- 
ographs showed that 1) the males were more severely affected 
than the females, 2) the ectopic ossification increased with age 
and was more severe in the DKO than in the WT and single 
knockouts and 3) the concomitant absence of BGN and FM has 
a synergistic effect on the severity of the phenotype suggesting 
an in vivo interaction between BGN and FM. Histological analysis 
also revealed osteoarthritis in the medial compartment of the 
knee starting at 3 months of age in the three knockouts, with the 
DKO being the most profoundly affected. Between 6 and 9 
months of age, bony cysts and severe cartilage loss with expo- 
sure of the underlying bone were observed in the DKO knee 
joints. To understand the mechanisms underlying the phenotype 
at the microscopic level, an electron microscopic analysis of the 
tendons was performed. It demonstrated that the morphology 
and the diameter distribution of the collagen fibrils were altered in 
the tendons of the 3 knockouts. The phenotype of the BGN-FM 
DKO showed striking similarities with the phenotype of the 
STR/ORT mice, a strain that develops pontaneous ectopic ossi- 
fication and osteoarthritis in the knee joints. We theorized that 
abnormal collagen fibrils destabilized the joints of the DKO, and 
were the common origin of the gait impairment, ectopic ossifica- 
tion and premature osteoarthritis noted in these mice. 
In summary, the BGN/FM DKO mouse constitute an important 
new animal model for osteoarthritis that in contrast o other mod- 
els is characterized by a very early onset of the disease. 
Subsequently, it will be a useful tool to unravel the molecular 
events that accompany this prevalent skeletal disease. 
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STROMAL CELL-DERIVED FACTOR-1 SIGNALING: A NOVEL 
MECHANISM OF SYNOVIAL INDUCTION OF CARTILAGE 
IN RHEUMATOID ARTHRITIS AND OSTEOARTHRITIS 
K Kanbe, K Takagishi, Q Chen 
Department of Orthopaedics and Rehabilitation, Penn State 
University College of Medicine, USA. Department of 
Orthopaedic Surge~ Gunma University School of Medicine, 
Japan 
The chemokine family of secreted proteins regulates cellular 
activities through interaction with G protein-coupled chemokine 
receptors. To analyze the role of a chemokine stromal cell-derived 
factor 1 (SDF- 1) and its receptor CXCR4 in rheumatoid arthritis 
and osteoarthritis, we examined their gene expression in joint 
cartilage and synovium, and determined the effect of their inter- 
action on the release of matrix metalloproteases from chondro- 
cytes. 
Methods: The SDF-I protein levels in synovial fluid were quanti- 
fied by enzyme linked immunosorbent assay from 58 rheumatoid 
arthritis (RA) patients, 55 osteoarthritis (OA) patients, and 60 con- 
trol adults. Furthermore, the messenger RNA levels of SDF-1 and 
CXCR4 in chondrocytes and synovial fibroblasts were deter- 
mined by reverse transcriptase-polymerase chain reaction. 
Isolated human chondrocytes were stimulated with 100 ng/ml 
SDF- 1 and the response was analyzed by quantifying the release 
of matrix metalloproteases (MMP-1 and -3). 
Results 
We found that the concentration of SDF-1 in synovial fluid 
increased 257% in OA patients and 971% in RA patients in com- 
parison to normal respectively. The source of SDF-1 in synovial 
fluid was from synovium, since SDF-1 rnRNA was synthesized by 
synovial fibroblasts but not by chondrocytes. On the other hand, 
SDF-1 receptor CXCR4 was expressed by chondrocytes but not 
by synovial fibroblasts. The interaction of SDF-1, which was 
abundant in synovial fluid from RA and OA patients, with CXCR4 
positive chondrocytes resulted in a specific elevation of the 
release of cartilage matrix degrading enzyme MMP-3 (stromelysin 
1). 
Conclusions: Our findings suggest a novel mechanism by which 
synovial cells induce degradation of cartilage matrix through 
SDF-1 signaling in rheumatoid arthritis and osteoarthritis. 
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IN VlVO INTERLEUKIN-1 CONVERTING ENZYME MODULA- 
TION BY NITRIC OXIDE IN THE DOG EXPERIMENTAL 
OSTEOARTHRITIS MODEL 
C. Boileau ~, J. MarteI-Pelletier 1, F. Moldovan 1, j.y. Jouzeau 2, 
P. ~P .T .  Manning 3, J-P. Pelletier 1 
lOsteoarthritis Research Unit, CHUM: H6joita/ Notre-Dame, 
Montreal, Qu6bec, H2L 4M1, Canada; z Universit~ Henri 
Poincare, Vandoeuvre-Les-Nancy, 54505, France; 3 Pharmacia 
Corp., St. Louis, MO, 63198, USA 
Aim: The aim of this study was to investigate the relationship 
between two key mediators implicated in cartilage osteoarthritis 
(OA): nitric oxide (NO) and interleukin (IL)-I converting enzyme 
(ICE). IL- 18 was also studied and served as reference to the 
effect of ICE. 
Method: For this study, an OA model was created by sectioning 
the anterior cruciate ligament (ACL) of the right stifle joint of dogs 
by a stab wound. Dogs were separated into experimental groups: 
I) unoperated ogs that received no treatment; II) operated dogs 
(OA) that received no treatment, and III) operated dogs (OA) that 
received oral N-iminoethyt-L-lysine (L-NIL, a specific iNOS 
inhibitor; 10 mg/kg/day) starting immediately after surgery. The 
OA clogs were killed 12 weeks after surgery. In a second set of 
experiments, ACL was induced in dogs for 12 weeks, and femoral 
condyles dissected and incubated with specific inhibitors of 
important signaling pathways involved in the OA process, name- 
ly SB 202190 (10 raM, p38 MAP kinase inhibitor), PD 98059 (100 
mM, MEK 1/2 inhibitor), NS-398 (10 mM, specific cyclooxyge- 
nase-2 inhibitor), SN-50 (50 raM, NF-kB inhibitor) and L-NIL (50 
mM). Specimens were processed for in situ hybridization or 
immunohistochemistry for ICE and IL-18, followed by a morpho- 
metric analysis. 
Results: Data showed that ICE and IL-18 were both present in 
vivo in dog cartilage. Compared to normal, their levels were sig- 
nificantly increased in the OA dog cartilage. L-NIL treatment 
induced a decrease (p<0.001) of ICE and IL-18 levels throughout 
the OA tissue for both the femoral condyles and tibial plateaus; 
values were similar to normal dogs. This effect, however, 
appeared to occur post-transcriptionally as L-NIL did not affect 
ICE mRNA levels as demonstrated by in situ hybridation. 
Interestingly, in vitro experiments demonstrated a significant inhi- 
bition of the ICE levels by the above inhibitors except L-NIL, indi- 
cating that in vivo the NO effect is not direct but requires inter- 
mediaries. 
Conclusion: In this study, we demonstrated the in vivo effective- 
ness of a specific NO inhibitor in completely reversing the OA 
enhanced ICE and IL-18 synthesis levels. Data further suggests 




GENE TRANSFER INTO THE PERIOSTEAL GRAFTS FOR 
ARTICULAR CARTILAGE DEFECTS USING GENE GUN 
SYSTEM 
T. Yamashita, Y. Wada, K. Nakagawa, K. Takase, K. Tsuchiya, 
H. Moriya 
Department of Orthopaedic Surgery, Chiba University, Chiba, 
Japan 
Aim: The aim of this study was to examine expression rate and 
duration of LacZ marker gene transfected by gene gun and to 
analyze tissue damage of the periosteal grafts. 
Methods: Twelve adult male New Zealand White rabbits weigh- 
ing average 3.20kg were used. Periosteal grafts were harvested 
from the medial proximal tibia and LacZ marker gene (pCMV b) 
was transferred into cambium layer of the grafts by gene gun. The 
grafts was placed on the articular cartilage defects on the femoral 
component of patellofemoral joint with the cambium layer facing 
down on the articular surface. LacZ gene transfer was not per- 
formed in the control grafts. The animals were sacrificed at 2,4 
and 12 weeks after operation and the knee joints were harvested 
for gross macroscopical observation, followed by histopatholog- 
ical examination. The newly formed tissue was assessed by the 
semiquantitative histological grading system (0-14 points), and 
the efficiency of gene transfer was calculated by counting the 
number of total cells and LacZ positive cells in the central area. 
Results: The total histological score of repair tissue at 2 weeks 
was 11.3 +1.3 (mean+SD) points in the LacZ group and 11.5 
points in the control group. At 4 weeks, it was 5.6±1.1 in the LacZ 
group and 5.3± 1.2 in the control (low score indicating better car- 
tilage repair). These results indicates that the gene gun does not 
affect the tissue repair process of periosteal grafting. 
The average LacZ positive rate was 13.0% at 2 weeks and 8.9% 
at 4 weeks. 
Conclusions: The expression of LacZ was observed at 4 weeks 
after grafting with neither inflammation or tissue damage. The in 
situ gene delivery system using ene gun seems to be suitable for 
gene therapy in the Orthopaedic field since it has less risk of sys- 
tematic effects than in vivo methods with viral vectors, it is easi- 
er to perform than ex vivo methods, and it can provide local 
transfection during surgery 
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INTEGRIN-MEDIATED MAP KINASE SIGNALING INCREASES 
COLLAGENASE-3 (MMP-13) PRODUCTION BY HUMAN 
ARTICULAR CHONDROCYTES 
Christopher B. Forsyth, Richard F. Loeser 
Departments of Medicine and Biochemistry Rush Medical 
College, Chicago,/L, USA 
Aim: The aim of this study was to determine if integrin-mediated 
signaling results in activation of chondrocyte mitogen-activated 
protein (MAP) kinases which lead to increased expression of 
MMP-13 (collagenase 3), a potent mediator of cartilage matrix 
degradation. 
Methods: Human articular chondrocytes in primary confluent 
monolayer cultures were treated with integrin blocking antibodies 
and fibronectin fragments. MAP kinases were analyzed by 
immunobtotting with phospho-specific antibodies and MMP-13 
production was measured in conditioned media by immunoblot- 
ting and with a peptide substrate based assay. 
Results: Chondrocytes were found to respond to the 120 kDa 
fibronectin fragment and to blocking antibodies to the 0~?.1~1 and 
c(5131 integrins with increased phosphorylation of the ERK1, 
ERK2, JNK, and p38 MAP kinases. Intact fibronectin and block- 
